The breast cancer (BC) risk profiles of African women differ significantly from those of women of European ancestry. African women are younger at the age of onset and tend to have high parity. The purpose of this study was to examine the relationship between full-term pregnancy (FTP) and the risk of BC. METHODS: A case-control study was conducted among 1995 women with invasive BC and 2631 controls in Nigeria, Cameroon, and Uganda. Odds ratios (ORs) for individual ages at FTP according to the time since delivery were calculated and adjusted for confounders. A fitted spline model was used to assess the impact of the number of pregnancies on BC risk. 
INTRODUCTION
Breast cancer (BC) is the leading malignancy among females in many countries of Africa. 1, 2 Worldwide, sub-Saharan Africa is one of the regions with the lowest incidence rate of the disease. 1, 2 However, the mortality rate in this part of the world is closer to that of high-incidence countries. 2 It has been shown that parity is associated with a reduction in BC risk, 3 and it has been suggested that the high parity among African women may contribute substantially to a lower overall burden of the disease. African women affected by BC are characterized by high parity, an average of 5 children, a mean age of 20 to 22 years at first full-term pregnancy (FFTP), and a mean age of 45 years at diagnosis. 4 The profile of the BC burden among these women is biphasic, with the first and highest peak in the age groups of 40 to 44 and 45 to 49 years; this is followed by a drop for the age group of 50 to 54 years and another peak (smaller) among postmenopausal women in the age group of 60 to 64 years. 5, 6 Several hypotheses have been proposed to understand this profile. The overrepresentation of people of less than 50 years old has been suggested to be the reason for this high disease burden among younger women. However, a recent study indicates that the population structure has a minor impact on the predominance of premenopausal BC among African women; women within the same population affected by other cancers such as stomach cancer are 10 to 14 years older than women affected by BC with a median age of 55 years at diagnosis, and there is a unique peak of the burden in the age group of 65 to 69 years.
Another hypothesis is that genetic susceptibilities might play a role in the burden of early-onset BC among African women. Although common BRCA1/2 mutations have been identified among some West African and African American women 7 and some variants are unique to African Nigerian women, 8 the overall proportion of the disease attributable to mutations in cancer susceptibility genes among African women remains unknown.
A transient increase in the risk of developing BC after full-term pregnancy (FTP) has been reported in different studies. Approximately 2 decades ago, a Swedish study reported an increase in the risk of developing BC after FFTP, which was shown to persist over 15 years. 9 A metaanalysis and a large cohort study of French women indicated that the effective protection conferred by parity was seen only among postmenopausal women. 10, 11 Another study reported a dual effect of parity on BC risk among African American women. 12 In light of the heavy reproductive life among African women, 4, 6, 13 an increased risk of BC after FTP might be one of the explanations to consider when it comes to a better understanding of the BC profile among African women. In this study, we used a large data set to assess the effect of FTP on BC risk according to the age at diagnosis and the time since FTP among African women. The results of this study will provide new insights into a better understanding of the BC burden profile observed among African women.
MATERIALS AND METHODS

Study Design
This was a multisite, hospital-based case-control study conducted in 3 African countries with an overall sample size of 4626 subjects. The 3 sites (regions) were in Ibadan, Nigeria (West Africa), Yaounde, Cameroon (Central Africa), and Kampala, Uganda (East Africa); the sites contributed 83.49%, 8.06%, and 8.45% of the sample, respectively. The Nigeria Breast Cancer Study (NBCS) was initiated in March 1998. Its setting and design have been described in detail elsewhere. 14 Briefly, cases were identified through the surgical oncology and radiotherapy units of the University College Hospital (UCH) in Ibadan. UCH is the referral center for other hospitals and serves a population of approximately 3 million. UCH treats the majority of BC cases in the region. Cases were defined as women who were 18 years old with a histological or clinical diagnosis of invasive BC. Controls were community-based and were randomly selected to represent the diversity of UCH patients, and they were invited to visit a community clinic for the study. Additional controls were recruited through other UCH clinics. After informed consent was obtained from the cases, the interviews were conducted by trained nurses who administered a structured questionnaire, measured height and weight, and took blood samples. The same procedure was performed for control recruitment by NBCS clerks. In 2011, the standardized NBCS concept and design were extended to the Cameroon (Yaounde) and Uganda (Kampala) sites. Since then, research at these 3 sites has been integrated and constitutes the African Breast Cancer Study. In Cameroon, cases were recruited at the Medical Oncology Service of Yaounde General Hospital; Yaounde General Hospital of the University of Yaounde I serves a population of 2.5 million people. Controls were matched to cases by age and ethnicity and were randomly recruited from the clinics of general medicine and obstetrics and gynecology departments at the same hospital. In Kampala, Uganda, cases were recruited at the Breast and Endocrine Unit of the Department of Surgery of Mulago Hospital (Makerere University). Mulago Hospital is a national referral hospital in Uganda and serves the 1.3 million residents in Kampala. Controls were randomly recruited from the general outpatient clinics and surgical ward admissions at Mulago Hospital and matched to cases by age and ethnicity. For both sites (Kampala and Yaounde), hospital controls were unselected for their medical conditions. The Nigerian site has piloted 3 different versions of the questionnaire since 1998 and has perfected the most recent version. The sites in Uganda and Cameroon have used only the most recent version of the questionnaire, which is now the standard questionnaire for the African Breast Cancer Study. All study participants provided written informed consent before their interviews, and the recruitment was highly successful with response rates > 90%. The study protocol was reviewed and approved by the institutional review boards of the University of Chicago and the 3 study centers.
Statistical Analysis
FTP was defined as a pregnancy that lasted for at least 7 months. Hence, stillbirths and live births at 7 months or longer were considered FTPs. Current pregnancies, miscarriages, tubal or ectopic pregnancies, and induced abortions were excluded from the current study. The mean duration for a live-birth pregnancy was 9.04 months, whereas that for a stillbirth pregnancy was 8.75 months.
Demographic factors and potential confounding variables were compared between cases and controls with t tests or Wilcoxon rank sum tests for continuous variables and with chi-square tests for categorical data. Logistic regression models were used to examine the relationship of BC risk with reproductive factors. To investigate whether there is a transiently increased risk after FTPs, we used the model proposed by Pathak and Whittemore, 15 in which the occurence and timing of full-term pregancies, the age at menarche (AAM), and the age at menopause are considered. The mathematical forms of the models are listed here: where ALC is alcohol use, OC is oral contraceptive, BMI is body mass index, BBD is benign breast disease, and FH is family history of BC. Here, we modeled the odds of BC as a function of the joint effect of the occurrence and time of pregnancies since menarche on a log-log scale after conditioning for several risk factors. Parameter q 1 indicates the change in the overall level of BC risk after FFTP, whereas parameter d 1 indicates the change in the slope of BC risk after FFTP. In other words, if both parameters are significant, q 1 is the magnitude of the transient change, and d 1 models the long-term change after first pregnancy. Parameter q 2 indicates the change in the overall level of BC risk after the second FTP in addition to FFTP, whereas d 2 indicates the change in the slope of BC risk after the second FTP in addition to first BC. Using a backward selection procedure, we modeled up to 12 FTPs (ie, n 5 12). In brief, we first tested whether parameters q 12 and d 12 were significantly different from zero. If not, they were removed from the model, and we further tested whether parameters q 11 and d 11 were significant. The backward procedure was stopped when parameters q and d were significant. In addition, we examined the effect of parity on BC risk in logistic regressions by including parity as a categorical variable (1, 2, . . ., 6, 7 or more) or as a continuous variable. We used a linear spline function with a knot at 1 FTP to assess the effect of FFTP and the trend after FFTP. Odds ratios (ORs) and 95% confidence intervals (CIs) were computed as measures of association from the logistic models. All statistical analyses were conducted with Stata 12 (StataCorp, College Station, Texas).
RESULTS
This study included a sample of 4626 subjects: 1995 cases and 2631 controls recruited from March 1998 to September 2013 in 3 African countries. The mean age at diagnosis (or at interview) was 48 years for cases, which was more than that of controls at 43 years (P < .05). Significant differences in BMI, parity, age at menopause, alcohol consumption, and contraceptive use were observed between cases and controls. No differences were observed between the 2 groups for the mean ages at menarche (15 years), FFTP (23 years), second FTP (26 years), third FTP (28 years), or fourth FTP (30 years; Table 1 ). Table 2 presents the regression parameters estimated in the logistic regression model that examined whether there was a transiently increased risk after pregnancy. After backward selection of different parameters related to pregnancies, only FFTP was statistically significant and was kept. As expected, alcohol consumption, a previous history of BBD, and a positive FH were significantly associated with an increase in the risk of developing BC. Interestingly, BMI (increase per unit) and contraception use were significantly associated with a reduction in BC risk. FFTP was associated with an overall reduced BC risk with an OR of 0.73 (e 20.31 ), but the slope for the risk of change was not significant; this suggests that there is no transient increase in the risk of developing BC after FFTP. As illustrated in Figure 1 (estimated from the model in Table 1 ), there was a constant reduction in BC risk after FFTP, regardless of the age at FFTP. A parous woman whose FFTP occurs at 20 years has an OR of 0.76 (95% CI, 0.57-0.99) for the next 5 years (Supporting Table 1 [see online supporting information]), and as illustrated in Figure 1 , the reduction of risk is similar across the different ages at FFTP. For example, women who have given birth at 25 or 30 years can receive almost the same protection from pregnancy; it is 0.76 (95% CI, 0.58-0.99) and 0.76 (95% CI, 0.58-0.98), respectively, more than 10 years after delivery (Supporting Table 1 [see online supporting information]).
Because the effect of FFTP on a transiently increased risk of developing BC could be hidden by multiple FTPs, 9 we restricted our analysis to nulliparous and uniparous women. Although few of these results were statistically significant because of the considerable reduction of The effect of the number of FTPs among parous women versus nulliparous women was examined in this study. We found a clear protective effect of parity across different numbers of pregnancies; there was a significant reduction in BC risk after FFTP, whereas there was only a slight risk reduction for each additional pregnancy (Fig. 2 and Supporting Table 3 [see online supporting information]). In comparison with nulliparous women, parous women with 1 pregnancy had an OR of 0.69 (95% CI, 0.49-0.96), whereas parous women with 7 or more pregnancies had an OR of 0.54 (95% CI, 0.38-0.75; Fig. 2 and Supporting Table 3 [see online supporting information]).
DISCUSSION
Using a large data set of African women, we assessed whether there was a transient increase in BC risk after FTPs among African women and whether its existence could be an explanation for the high proportion of young-onset BC among these women. A study conducted on a Swedish population that compared nulliparous women to uniparous women showed that childbirth correlated with a transient increase in the risk of developing BC, and this risk was reduced in later years. 9 In contrast, in the current study, we found a strong protective effect after FFTP, regardless of the age at pregnancy, and a strong protection resulting from pregnancy, regardless of the number of FTPs. These data suggest that the protective effect of parity is exhibited immediately after FFTP and that the transiently increased risk after pregnancy observed in previous studies may not be applicable to African populations. It could be argued that the previous studies strictly compared nulliparous women with uniparous women and that multiple births could have hidden the transient increase in the risk of BC. However, our study employed the same cutoff parameters, and the results did not show any increase in the risk of BC after FTPs. Furthermore, the past studies that have reported a transient increase in the risk of BC were not adjusted for confounders. 5, 9 Nevertheless, similar studies that adjusted their results for confounders found a marginal increase in the risk of developing BC after the first pregnancy (adjusted OR, 1.07; 95% CI, 1.01-1.13). 16 Although several studies have reported a transient increase in the risk of developing BC, the risk was limited to women at an older age at FFTP. 12, [16] [17] [18] [19] Our study did not find an increase in the risk with any delay in the age at FFTP as reported in one study performed among Estonian women. 17 It has been suggested that the age of approximately 35 years represents an important transition point for BC risk. Before Numbers in the table are not always added up to the sum due to missing data. Abbreviation: SD, standard deviation. a There was a statistically significant difference between cases and controls (P <.05).
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Cancer that age, any birth appears to be protective, whereas the opposite effect is observed after that age. 18 In our study, only 6.8% of the subjects experienced their FFTP after 35 years, and this age was not associated with an increased risk of BC.
To date, no study has assessed the impact of a potential transient increase in BC risk after FTP among African women. Available studies that compared the age at FFTP among African women found that a later age at FFTP (>20 vs 20 years) correlated with stronger protection against BC in premenopausal women (OR, 0.41; 95% CI, 0.18-0.89) and postmenopausal women (although the data were not statistically significant). One of our studies conducted among Nigerian women found no difference in BC risk with an increasing age at FFTP. 4 Several factors could explain why our results contradict those of previous studies. First, the reported transient increase in the risk of developing BC after FFTP or any pregnancy has been mostly reported among Western Caucasian women who are known to have fewer children than African women. Studies that have included several populations from Europe, Asia, Latin America, and the United States of America have found that the increased risk of developing BC after FTP is restricted with a delayed age at FTP 15, [18] [19] [20] [21] [22] (see Supporting Table 4 [see online supporting information]).
Second, when we consider that there are several BC subtypes and that some of them are less likely to be influenced by reproductive factors, it is possible that our results could be the reflection of a different BC subtype. For example, it has been shown that the increased BC risk with an older age at FFTP is more frequent in hormonedependent BC, which is more prevalent among Caucasian women. [23] [24] [25] [26] [27] If we consider the context of African women with an overrepresentation of hormone receptor-negative BC and the fact that this subtype is known to be more prevalent among younger women with a younger age at FFTP or with high parity [28] [29] [30] [31] [32] and if we hypothesize that high parity confers an overall short-term exposure to estrogen, younger women with high parity might then be protected against hormone-dependent BC but not against hormone receptor-negative BC. It has been reported that the protection conferred by multiparity and an early age at FFTP is restricted to hormone receptor-positive BC and that women at higher risk for hormone receptor-positive BC are more likely to be older at their FFTP, whereas women affected by hormone receptor-negative BC are frequently younger at their FFTP. 23, 33, 34 One limitation of this study is the lack of annotated data on the hormone receptor status of all the cases involved in the study. In contrast to women involved in previous studies, the subjects of our study had high parity, which is known to be strongly protective against hormone-dependent BC but has not been demonstrated against hormone receptornegative BC. 35, 36 Therefore, the fact that our results do not support previous reports might be due to the predominance of non-hormone-dependent BC among African women.
In agreement with previous studies stating that parity is protective against BC, 4,37 our results indicate that parity is strongly protective against BC, and this protection seems to be stable or slightly stronger with an increased number of pregnancies. The absence of a transient increase in the risk of developing BC after FFTP suggests that in addition to the probably higher proportion of hormone receptor-negative BC, inherited genetic susceptibilities could play a role in the observed pattern and need to be evaluated.
One could also argue that a recall bias for the age at FTP might have introduced mistakes into the accuracy of the ages provided. However, a study assessing the impact of differential recall on the results of case-control studies has shown that it has a minor impact on the result of the study. 38 In conclusion, our results support the hypothesis that the overall lower burden of BC among African women versus Western women might be in part due to the protection conferred by their heavier reproductive life.
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